Keywords: Chromolaena barranquillensis Cytogenetic Germination rate Karyotype Mitotic index Chromolaena barranquillensis (Asteraceae) is an endemic plant of northern Colombia that has garnered economic and medicinal interest, because species from the genus Chromolaena have shown diverse biological activities. This study describes, for the first time, the karyotype, germination and mitotic indices of C. barranquillensis (Hieron.) R.M. King & H. Rob. The germination index was between 34% and 56% with an average germination rate of 1.2 ± 0.4 seeds/day. The mitotic index analysis allowed to determine the cell cycle time (4 h, 10 min) and the mitotic hours (3:00-8:00 h and 17:00 h). The mitosis time was 49 min, equivalent to~20% of the cell cycle. Karyotype analysis showed that C. barranquillensis is a hexaploid species with a chromosomal formula 2n = 6x = 60 = 48 m + 12 sm, and the average chromosomal lengths were 1.7 ± 0.1 μm to 0.9 ± 0.3 μm. The Stebbins asymmetry index was 2B, and the total form percentage was~41%. These results uncover differences between C. barranquillensis and Chromolaena odorata, one of the most abundant species found in the world and the most closely related species to C. barranquillensis.
Introduction
The genus Chromolaena (Eupatorieae tribe and Asteraceae family) includes approximately 165 species from Central and South America (King and Robinson, 1987) . Among these species, Chromolaena barranquillensis and Chromolaena odorata are distributed in different regions of Colombia. In particular, C. barranquillensis is endemic to the Caribbean region of Colombia. This species, considered as a weed, is used in traditional medicine in the "departamento del Atlántico" (Colombia) for the treatment of rashes, insect bites, and colics; it has "promising" value because of the pharmacological properties showed, e.g., antifungal, antibacterial, antioxidant and cytotoxic (Molina et al., 2014; Méndez et al., 2014) . C. barranquillensis is found in warm climates with altitudes less than 1000 m (Tropical Dry Forest). By contrast, C. odorata was introduced to the tropical regions of Asia and Africa, where it is an invasive weed of crops and considered a "detrimental" species (Akobundu, 1978) .
According to the database of the National Herbarium of Colombia, C. barranquillensis is distributed in different zones of the Departamento del Atlántico, Colombia (e.g., Sabanalarga, Luruaco, Palmar de Valera, Ponedera, Usiacurí, Puerto Colombia and Salgar). C. odorata is mainly distributed in central and southern Colombia but is also found in some areas of northern Colombia (Instituto de Ciencias Naturales, 2013).
C. barranquillensis and C. odorata are species with very similar morphologies; thus, the botanical differentiation and taxonomy of these species is very complex. In addition, their generative and vegetative cycles and habitats coincide, leading to confusion during identification. Both species are a source for biological, chemical, pharmacological and agronomical studies (Garcia-Barriga, 1992; Gupta, 1995; Torrenegra et al., 2007; Muñoz-Acevedo et al., 2011) , and inadequate taxonomic identification will affect the accuracy of related research. Therefore, it is necessary to correctly identify each species.
Cytology is a fundamental and well-validated tool that is used to solve taxonomic problems, especially in genera in which the morphological characteristics are not sufficient for identification or the phenotypic variability is high (Stuessy, 1990 ), e.g., Hypochaeris genus (Asteraceae) (Weiss-Schneeweiss et al., 2003) . Furthermore, the germination rate and cell cycle time are important parameters that provide criteria in addition to the karyotype analysis, improving identification of the taxonomy and phylogeny (Burbano et al., 2011) . The purpose of this study was to characterize C. barranquillensis according to its morphology, germination rate, cell cycle and karyotype, because this information is not available in the current scientific literature.
Materials and methods

Plant material
Plant material was collected in Sabanalarga, Departamento del Atlántico (Colombia), at an altitude of 94 m, longitude 74°56′3.76″ W and latitude 10°38′19.28″ N. Taxonomic identification (Voucher UTMC12878) was performed by E. Carbonó in the Herbarium of the South African Journal of Botany 94 (2014) [149] [150] [151] [152] [153] [154] Universidad Tecnológica del Magdalena (Colombia). Taxonomic verification (Voucher HUA174777) was performed by F.J. Roldán in the Herbarium of the Universidad de Antioquia (Colombia). Authorization for collection was requested from the Corporación Autónoma Regional del Atlántico.
The morphological characteristics of leaves and flowers were analyzed and photographs were taken with a Nikon SMZ 745T stereoscope with 30× zoom.
Germination index
Seeds from C. barranquillensis were isolated from mature inflorescences. Each experiment used 50 seeds, which were washed, disinfected and allowed to germinate (12 h day and 12 h night), as described by Coleman (1989) . The germinated seeds were counted each day to determine the germination rate and the total index (Anjum and Bajwa, 2005) . These tests were performed 10 times.
Mitotic index
Cell cycle analysis of C. barranquillensis was performed based on the methodologies described by Ferrer-Pereira et al. (2007) and Burbano et al. (2011) . The seeds were hydrated (24 h), allowed to germinate, and sampled every hour for 24 h. Next, the seeds were fixed in Carnoy's solution (3:1 methanol/acetic acid, 24 h, 4°C), subjected to acid hydrolysis (HCl 1 N, 5 min, 60°C), and stained (acetic-orcein 1%, 8 min), and then the root meristem was pressed flat (Mora et al., 2005; Brisolara et al., 2009) . Finally, the total number of cells in each mitotic phase was counted each hour using a Nikon optical microscope with a 5 megapixel digital camera and images captured with 1500× zoom. The mitotic index (MI), phase index percent (PI %) and total phase index (TPI) were calculated from the data, based on the formulas proposed by Burbano et al. (2011) .
Karyotype
Cytogenetic analysis was performed according to the technique described by Singh (2003) . Root meristems were treated with 0.5% colchicine (1.5 h, 25°C). The fixation, hydrolysis, staining, slide preparation and microscopy were performed as described above. The images obtained from five metaphases were processed with MicroMeasure (version 3.3) Software (Reeves, 2001) , and the chromosomes were classified according to Levan et al. (1964) . Additionally, the total form percentage (TF%) (Huziwara, 1955) and the asymmetry index (Stebbins, 1971) were determined.
The mean, standard deviations and percentages values were calculated for germination index, cell cycle and karyotype analysis.
Results and discussion
3.1. Morphological description C. barranquillensis is a shrub of 1-3 m. This species has simple, opposite, stalked, toothed and decussate leaves with an average length and width of 7-8 cm and 5-8 cm, respectively. The leaves are a triangulated, reticulated rib with an acute apex and a horned base, and their underside has glandular points. The leaves and stems contain velvety indumentum (very dense and short trichomes). Inflorescences (white to lilac) are tubular and arranged in corymbs of capitula (3-6 groups), with stems up to 10 mm long. Each flowering head comprises 10-12 flowers, with lengths and diameters of approximately 8.5 mm and 1.7 mm, respectively. The perianth is differentiated in calyx and corolla. The seeds have tufts (wind-dispersed) lacking endosperm; during the germination process, the plumule is on one side of the tuft such that the radicle emerges on the opposite side (Fig. 1) . The flowering process occurs twice a year, in June-July and November-December.
The morphological features and vegetative-generative cycles were very similar between C. barranquillensis and C. odorata, according to the reported by Garcia-Barriga (1992) and Gupta (1995) . However, there were slight differences in the leaf sizes and the height of the two species (McFadyen and Skarratt, 1996) .
Germination index
The germination process in C. barranquillensis started on day 4 and concluded on day 23. During this time, 16.8 ± 0.8-28 ± 4 seeds germinated, with a total germination percentage between 34% and 56%. The average germination rate was 1.2 ± 0.4 seeds per day, and this value decreased after day 13.
The germination index (34-56%) showed that C. barranquillensis is a highly competitive species. Nevertheless, C. barranquillensis probably does not have the spread capacity seen in C. odorata, which has reported germination indices of 70% (Coleman, 1989) and 84% (Ping et al., 2011) . According to these authors, C. odorata seeds germinated until day 43, whereas C. barranquillensis seeds germinated until day 23, and the germination rate decreased after day 13, demonstrating that C. odorata has a higher dormancy level than C. barranquillensis. Hence, these results indicate that C. barranquillensis is a less aggressive species than C. odorata, a plant with a greater ability to spread and one of the most thoroughly studied weeds in Europe, Asia and Africa (Ping et al., 2011) .
Mitotic index
The highest numbers of cells in mitosis, as well as metaphase, were observed between 02:00 and 08:00 h and at 17:00 h (Fig. 2) between 07:00 and 08:00 h. Thus, C. barranquillensis had an asynchronous cycle, because in the cells all phases of the cycle were observed (Fig. 3) . The total cell cycle, mitosis and prophase times were 4 h 10 min, 49 min and 33 min, respectively. Mitosis and prophase corresponded to 20% ± 7% and 13% ± 5% of the cell cycle, respectively. The shortest phases were telophase, metaphase and anaphase (Table 1) . Study of the cell cycle can provide additional criteria for taxonomic identification and phylogenetic analysis of a species, can explain general or particular evolutionary discrepancies, and can predict the behavior of in vitro cultures from germplasm banks (Talledo et al., 1993) .
A cell cycle time of 4 h 10 min, with maximum peaks (Fig. 2) of cell division throughout the day, showed that C. barranquillensis is a fastgrowing species requiring a large number of mitoses. Thus, the most frequently observed cell cycle stages were interphase and prophase, which can be attributed to the complexity of processes that occur in these phases (De Jager et al., 2005) . It should be noted that this study determined the ideal time of day (hour) to collect the largest number of cells in metaphase, establishing the fixation time of the samples for karyotyping (Ekamen and Osuji, 2006) . Additionally, studies of the cell cycle and mitosis provide valuable information for induced polyploidization processes used to obtain plants with desired characteristics (Cubero, 2003) .
Chromosome analysis
Karyotype analysis of three metaphases revealed that C. barranquillensis is a hexaploid species with 60 chromosomes and the basic number x = 10 (2n = 6x = 60). Table 2 contains the data obtained on the basic chromosome number of C. barranquillensis. The average chromosome lengths were between 1.7 ± 0.1 and 0.9 ± 0.3 μm, and the total length of the hexaploid complement was 77 ± 6 μm. Therefore, the karyotype of C. barranquillensis comprised 42 metacentric and 18 submetacentric chromosomes based on the Levan classification (Fig. 4) . The Stebbins asymmetry index was 2B, and the total form percentage (TF %) was approximately 41%.
Chromosomal structure and number are unique in each species (Dubinin, 1976) and from the cytological viewpoint the tribe Eupatorieae is relatively poorly known (Farco et al., 2012) . The karyotype analysis of C. barranquillensis determined that this species has 60 chromosomes. This chromosome number has previously been reported in other species of the genus Chromolaena (Coleman, 1968 (Coleman, , 1989 King et al., 1976; Khonglam and Singh, 1980; Watanabe et al., 1995; Bertasso-Borges and Coleman, 2005) . However, in the scientific literature, there is no consensus on the basic number for this genus (Grant, 1953; Powell and King, 1969; Vos, 1989; Von Senger, 2002) ; e.g., C. odorata has been reported to have 40 (Powell and King, 1969) , 58 (Ghosh, 1961) , or 51-60 (Vos, 1989) chromosomes.
Moreover, comparison of the chromosome shape between C. odorata and C. barranquillensis has been controversial, as discussed in the reviewed literature. Based on the data published by Coleman (1989) , C. odorata had the same chromosome type (42 m and 18 sm) as C. barranquillensis but with a different arm ratio between chromosomes 6 and 7 (Table 2) , whereas according to a report by Yu-Long et al. (2006) , C. odorata has different chromosome types (32 m and 28 sm). However, it should be noted that species of the same genus, especially Eupatorieae, have the same karyotype formula and number (Coleman, 1989) , because many species of this group are apomictic and are the result of polyploidization. Apomixis was recorded in 2.9% of the genera of the Asteraceae family and among the most striking features of gametophytic apomixes is its strong correlation with polyploidy (Farco et al., 2012) . C. odorata and C. barranquillensis are both hexaploid.
The basic chromosome number determined for C. barranquillensis was 10, which is in agreement with the data reported for other species of the genus Chromolaena (King and Robinson, 1987; Wulff et al., 1996; Coleman, 1998, 2005) . Therefore, the basic chromosome number and the morphological features showed that C. barranquillensis and C. odorata are closely related phylogenetically.
Despite the similarity between the two species, the germination index, cell cycle and chromosome structure (in terms of size and asymmetry index- Table 2 ) can be used to differentiate the two species. C. barranquillensis displayed chromosome lengths from 1.7 ± 0.1 μm to 0.9 ± 0.3 μm, with an average size of 1.28 μm, a TF% of approximately 41%, and a Stebbins asymmetry index of 2B; the proportion of metacentric chromosomes was 0.7. In C. odorata, Coleman (1989) reported chromosome lengths from 3.06 ± 0.06 μm to 2.45 ± 0.06 μm, with an average size of 1.76 μm, a TF% of approximately 46% (Khonglam and Singh, 1980) , and a Stebbins asymmetry index of 2A; the proportion of metacentric chromosomes was 0.5 (Yu-Long et al., 2006) .
Although the asymmetry indices of C. barranquillensis and C. odorata were found at the same level (2) according to Stebbins (1971) , the chromosomal complement of C. barranquillensis presented a greater symmetry, which means that chromosomes from these species might differ in size and structure as the result of slight gene or chromosomal translocations or an increase or decrease in gene frequency, among other mechanisms (Sumner, 2003) .
This cytogenetic study enabled the identification of differences between C. barranquillensis and C. odorata and related species of the genus Chromolaena based on the life cycle and karyotype. However, other analysis including C Banding and the examination of molecular markers might identify additional differences and similarities between C. barranquillensis and C. odorata.
